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6th Km. Thessaloniki – Thermi, 6th Km. Thessaloniki – Thermi, 6th Km. Thessaloniki – Thermi, 






In the winter of 2010, a landslide occurred on Egnatia motorway affecting an embankment approximately 300m long and 8–20 m 
high.  The crest of the slide was at a distance of 60m uphill from the highway and the maximum depth of movement was 28 m. The 
bedrock in the area consists of alternating layers of siltstone and sandstone with local conglomerate intercalations covered by a soil 
layer of variable thickness (up to 30m) and consistency. 
 
The sliding occurred within a zone of plastic red clay just above bedrock exhibiting strength parameters between peak and residual 
values. A horizontal movement of 30cm was recorded with an initial rate of up to 15mm/day measured in the numerous inclinometers 
that were installed. Immediate measures were adopted consisting of dewatering through pumping wells constructed in the central 
reserve between the two carriageways and unloading through earth removal from the crest of the sliding mass. These measures 
resulted in a significant mitigation of the movement allowing for the design and construction of permanent stabilizing measures 
(mainly shear keys) whilst the motorway remained under continuous operation. A staged approach was applied in the design and 
construction of the remedial works based on the constant monitoring of the slide behavior through inclinometers.  
 
The paper describes the sliding event and the actions taken to deal with the emergency. It presents the geotechnical model and the 
geometry of the sliding based on the results of the geotechnical investigation and the extensive network of instruments that were 
installed. It discusses the alternatives examined and the stabilization measures that were designed and eventually implemented. 
Finally, it outlines the construction sequence and assesses the effectiveness of the stabilization measures to date based on the 





Egnatia motorway is a 670km dual-carriageway in northern 
Greece extending from the port of Igoumenitsa at the Ionian 
Sea in the west to the border with Turkey in the east. The case 
history of this paper refers to a landslide that occurred 
approximately on the 135th kilometer of the motorway 
(39˚54´11  ˝ N / 21˚21´10  ˝ E) in the region of Western 
Macedonia at an elevation of approximately +730m. The 
alignment goes through a hilly area of high environmental 
value as it is a brown bear (Ursus Arctos) habitat, a species 
protected under EU legislation.  
 
The investigation, design and construction of stabilizing 
measures were managed by EGNATIA ODOS SA which is 
the company responsible for the design, construction, 





In the area under consideration, the motorway is on a 450m 
long embankment (embankment E6) on a South-North 
direction, situated between a cut at the south and a tunnel at 
the north. The road runs on a sloping ground of 12% gradient, 
parallel to the gully at the bottom of the slope, at an altitude of 
approximately 100m above it. It is divided in two sections 
along its length: the low embankment section at the south with 
an almost constant downhill slope height of approximately 9m 
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and the high embankment section at the north with a downhill 




Fig. 1.  Plan view of the embankment area. 
 
 
The two carriageways, with two traffic lanes and an 
emergency lane each, have a 15m wide central reserve 
(accommodating also a Traffic Diversion Layout) due to the 
approach to the nearby tunnel resulting in an embankment 
crest width of approximately 40m. The above features are 




Fig. 2.  Typical cross-section of the embankment. 
 
 
The geotechnical profile based on the geological and 
geotechnical investigation carried out during the design stage 
along the high embankment (3 boreholes and 10 wagon-drill 
borings drilled in the winter of 2007) consists of an upper soil 
layer of variable consistency down to 6m depth overlying 
alternating layers of siltstone and sandstone with local 
conglomerate intercalations. The ground water table was 
measured at a depth of 2-4m. No borings were drilled in the 
low embankment part and, based on the evaluation of all 
geological data, a similar profile was considered. As a weak 
zone with residual characteristics (φ r΄es≈14°) was identified in 
the interface between bedrock and surface soil layer, the 
geotechnical design demonstrated the need for the 
construction of a shear key at the foundation of the downhill 
slope. It was therefore proposed to replace the soil layer to its 
full depth with high quality coarse material of drained shear 








The construction of the embankment was completed in May 
2008 after two years of archeological excavations in the area 
of the low embankment which uncovered a small settlement of 
Hellenistic era. Figure 3 illustrates these excavations and some 




SLIDING EVENT-IMMEDIATE ACTIONS 
 
In January 2010, after heavy snowfalls, a depression was 
observed on the asphalt pavement at the beginning of the low 
embankment just adjacent to the cut. It was attributed to 
internal settlement in the embankment body and was evened 




Fig. 4.  Observed cracks and deformations on a plan view. 
39˚54´11˝ N 
21˚21´10˝ E 
Elevation: +735m High embankment 














Central reserve ~15m 
Back scarp ~150m long 
 





depression on the 
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On February 17th, after the snow melted, an arc-shaped crack 
150m long was observed on the natural slope at a distance of 
60m uphill of the road edge in the low embankment area as 
illustrated in Fig. 4.  
 
At the same time, the depression on the pavement increased 
dramatically reaching 50cm, cracks were evident on the 
embankment crest within the central reserve in the Traffic 
Diversion Layout and along the surface drainage trenches and 
deformations were identified along the safety barrier. Some of 




Fig. 5.  Various cracks induced by sliding. 
 
 
The horizontal movement, as measured on the deformed safety 
barriers, was 30cm at 75° NE direction and it kept on evolving 
at a rate of approximately 20mm per day based on 
observations on the crack openings. The natural ground on 
both sides of the motorway was soaked with water. 
 
The option to immediately close the motorway for safety 
reasons was at first examined but rejected as this would 
require a 55km detour of the traffic on a narrow, winding road 
under adverse weather conditions. Instead, a state of 
emergency was immediately declared in an effort to keep the 
motorway in operation: the traffic in the area was restricted in 
one lane only per carriageway and a 24-hour surveillance was 
established to stop the traffic and divert it in case of a 
catastrophic failure.  
 
The next day, a geotechnical investigation program was 
prepared consisting of the installation of eight inclinometers 
and one standpipe piezometers in a total of nine boreholes as 
well as the installation of twenty-four survey markers, twelve 
along the hard shoulder of each carriageway. The layout of 
this program is depicted in plan view in Fig. 6. The aim of the 
investigation and monitoring program was to determine as 
soon as possible the depth of the slip surface in order to design 









On February 19th, the investigation began and at the same time 
a geotechnical designer was assigned to inspect the findings of 
the drilling works and proceed to the design of stabilizing 
measures. This rapid contract assignment of both investigation 
and design was possible due to existing contracts of the 
company operating on a call-up basis.  
 
The process, however, of completing the first borehole, 
installing an inclinometer and obtaining the first readings 
would require several days. In an effort to gain time in 
drafting and implementing immediate stabilizing measures, 
various scenarios on the depth and length of the sliding 
surface were being examined on the basis of field 
observations. The back scarp was evident on the natural slope 
uphill of the motorway and based on the geotechnical profile 
of the area as defined in the design stage the sliding was 
thought to most probably occur at the embankment base on the 
interface with the bedrock. The fact, however, that no heave 
was apparent at the embankment toe did not support this 
scenario and therefore a deeper sliding surface could not be 
excluded. In any case, unloading at the top of the sliding mass 
through excavations in the natural slope, within the zone 
between the tension crack and the motorway, was considered 
to contribute to the landslide stabilization as illustrated in Fig. 
7 and therefore, it was assigned for implementation to the 
maintenance contractor of the motorway even before acquiring 
the initial inclinometer results. The unloading excavations 
started on February 27th. 
 
Back scarp 
(opening ≈ 300mm) 
photo 1 
photo 2 photo 3 
Back scarp ~150m long 
depression on 
the asphalt 





Paper No. 3.63a                                                                                                                                                                                          4 
 
 




In addition to the above measure, the designer proposed 
dewatering of the site through a row of 20 pumping wells of 
1m diameter at 12m spacing along the central reserve close to 
the downhill carriageway. The final depth of the wells ranged 
from 18 to 20 meters and was determined on site by logging 
the excavation materials and ensuring a penetration of 4m into 
bedrock. The alternative to adopt a retaining structure (e.g. 
anchored piles) as a supplementary measure was examined but 
quickly abandoned due to the first readings of inclinometers 
installed at the hard shoulder of the uphill and downhill 
carriageway which indicated sliding depths of 14m and 26m 
respectively. These revealed data did not agree with the 
established geotechnical model of the area and were 
unfavorable for adopting a retaining structure solution to 
safely support the carriageway. Given also the fact that the 
landslide was still moving at a rate of 15mm per day, as 
recorded in the inclinometers, the construction of structural 
elements to support the motorway was considered 
inappropriate because of concern of damages to the concrete 
before curing. On the contrary, the installation of pumping 
wells presented various advantages: the construction would be 
fast, of low cost, fairly insensitive to the continuing movement 
of the sliding mass and it could be easily implemented without 









Indeed, the construction of the twenty wells was completed 
within 10 days using a pile rig. It started on March 3rd, under 
harsh weather conditions as depicted in Fig. 8, two days later 
the first three pumping wells were set in operation and by 
March 13th, all wells were in operation with a pumping rate of 
30m3/h in some of them. Meanwhile, on March 7th the 
excavations at the top of the slip had been completed. All the 
investigation and construction works were carried out while 
the motorway remained under continuous operation. 
 
 
Fig. 9.  Horizontal displacements with time in the low 




Fig. 10.  Vertical displacements with time in the low 
embankment area (survey markers measurements). 
1st stage of unloading 
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The effectiveness of the aforementioned measures is depicted 
in Fig. 9 and Fig. 10. Figure 9 shows the evolution of 
horizontal displacement at the sliding depths with time as 
recorded in the inclinometers in the low embankment area. 
Along the time axis, various construction milestones are 
presented showing the successive contribution of each one of 
the measures to the reduction of the displacement rate from 
15mm/day to almost zero within a period of less than one 
month. Similarly, Fig. 10 shows the evolution of vertical 
displacements with time as recorded at survey markers on the 
road pavement on the hard shoulder both on the uphill and 
downhill carriageway. The markers, especially those on the 
downhill hard shoulder, kept on recording settlements after the 
completion of the immediate measures but this was possibly 
due to consolidation by the continuing dewatering of the 
ground through the operation of pumping wells.  
 
The above immediate measures increased the safety of the 
motorway and allowed for an in-depth investigation of the 
landslide and a thorough design of long-term stabilizing works 
and its implementation. It should be noted that all the 
monitoring process was carried out in-house by trained and 









The initial geotechnical investigation and monitoring program 
focused on the low embankment area where the sliding was 
identified. In order to reduce uncertainties on the geotechnical 
conditions and further clarify the geotechnical model, it was 
supplemented with additional seven boreholes.  
 
  
Fig. 11.  Geotechnical profile in the low embankment area 
 
. 
The investigation findings revealed an upper highly 
heterogeneous soil formation above bedrock of much greater 
thickness (max 28m) than the one in the high embankment 
area (max 6m). This formation, which overlies bedrock, 
consists of alternating layers of very dense clayey gravel sand, 
hard sandy clay and weathered conglomerate. Two distinct 
layers of hard plastic red clay were identified within this 
formation: one layer of maximum 5m thickness just below the 
embankment foundation and a second one thin layer just 
above bedrock. Based on the inclinometer readings, the sliding 
occurred within the bottom layer of red plastic clay. The 
geotechnical profile is shown in Fig. 11. 
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The average values of the main physical and strength 
properties of this red clay layer are given in the table below. 
 




% fines (No 200 passing): 75% 
Liquid limit, wL: 44 
Plastic limit, wP: 22 
Plasticity index, PI: 22 
Moisture content, w 22% 
Undrained shear strength, cu: 175 kPa 
Peak effective shear strength: φ΄p=19°, c΄p=30 kPa 
 
 
The results of a number of residual ring shear tests carried out 
on samples of this layer are plotted in Fig. 12. The estimated 
characteristic value of the residual friction angle was φ r΄=14° 
and was also confirmed by back analyses. This value was 
consistent with that corresponding to the zone identified in the 
interface between bedrock and surface soil layer in the high 




Fig. 12.  Residual strength test results on red clay samples. 
 
 
Failure mechanism and geometry 
 
The interpretation of the sliding event was made following 
stability analyses for the conditions before and after the sliding 
event. The landslide was most probably at a latent condition 
(dormant landslide) exhibiting peak or even lower strength 
values along the weak zone of red clay. The instability was 
triggered by the embankment load and the rising of the ground 
water table up to the ground surface accompanied with a drop 
of the shear strength to residual value. This high ground water 
table was measured during the drilling of the initial boreholes 
and it is attributed to the heavy rainfalls. It is worth 
mentioning that a lot of landslides occurred in western Greece 
during that winter.  
 
The extensive inclinometer monitoring network contributed to 
clearly define the three-dimensional geometry of the landslide. 
The sliding surface had a length of 230m, a width of 220m and 
a maximum depth of 28m. The estimated volume of the 
sliding mass was in the order of 800.000m3. The azimuth of 
movement was measured 75° (65° eastbound with respect to 
the motorway axis).  
 
Figure 13 presents the sliding surface in plan view along with 





Fig. 13.  Plan view of the slip surface and its characteristics. 
 
 
The geotechnical investigation and monitoring program was 
further extended northbound to the high embankment area as 
surface site observations indicated that the sliding had also an 
impact on its stability. It was inferred that the sliding, due to 
its direction, applied destabilizing forces due to side friction 
onto the adjacent part of the high embankment. The 
inclinometer readings in this area showed that horizontal 
displacements, unlike the low embankment area, kept on 
developing on a low but constant rate of 2mm/month even 
after the implementation of the immediate measures. This is 




Fig. 14.  Horizontal displacements with time in the high 
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φ΄res = 14° 
c΄res = 0 kPa 
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This creeping movement in the high embankment area was 
considered alarming and led to a detailed assessment of the 
available geotechnical data. The instability was triggered 
within the plastic red clay layer ranging in thickness from a 
few centimeters to 2.5 meters below the embankment 
foundation which, as the additional investigation revealed, had 
not been totally removed during the embankment construction 





The piezometer monitoring in the low embankment area 
indicated that the ground water table along the motorway zone 
was at a depth of several meters below the natural ground 
surface mainly due to the dewatering of the area through the 
pumping wells. In the high embankment area, the ground 
water table was measured at the embankment foundation level. 
 
 
LONG-TERM STABILIZING MEASURES 
 
Before proceeding to designing remedial works, the 
alternative of shifting the motorway alignment beyond the 
landslide area was examined. More specifically, a highway 
design at a pre-study stage was carried out for a new 
alignment uphill of the existing road as shown in Fig. 15. This 
alternative was preferable from a geotechnical aspect as the 
road would be founded on the bedrock with favorable stability 
conditions and minimum long-term monitoring requirements. 
However, the new highway design along this section was of 
lower standards compared with the standards of the current 
motorway and consequently involved increased risk for traffic 
accidents. Moreover, the cost of reconstructing the road along 
the one kilometer long section of realignment was comparable 





Fig. 15.  Plan view of a potential new highway alignment. 
The first stabilization alternative considered was the 
construction of a toe berm as it generally offers cost and time 
savings. Nevertheless, its design would require further 
investigation at a long distance down the hillside to ensure that 
its load would not induce further instabilities. This 
investigation process would be costly and time consuming. 
Expropriation and other environmental restrictions were 
considered as additional drawbacks of this alternative.  
 
The stabilizing solution finally proposed by the designer and 
designed at a final stage in the low embankment area is 




Fig. 16.  Cross-section of designed stabilizing measures along 
the low embankment. 
 
 
It involved the diversion of the northbound traffic on the 
uphill carriageway just beside the southbound traffic, keeping 
only one lane per direction, and the complete excavation and 
reconstruction of the downhill carriageway down to a level 
15m below the ground surface. During the staged fill 
excavation, the construction of a row of anchored piles (row 
A) was proposed to improve the stability of the temporary 
excavation slopes. At the bottom of the excavation, along the 
embankment toe, two rows of piles (rows B and C) were 
proposed to act as shear keys along the sliding surface. A 
drainage trench 5m deep and 1m wide would be constructed in 
between the above pile rows to provide long-term lowering of 
the ground water table since the function of pumping wells 
would cease after the completion of the construction works. 
All piles were of 1,2m diameter heavily reinforced. They were 
designed with a resistance of approximately 3.700kN along 
the shear zone at 2,6m spacing. Their length was determined 
with the criterion of 5m penetration into the bedrock and 
varied from 10m to 22m along the embankment. 
 
The aforementioned remedial measures increased the factor of 
safety (FoS) against stability from 1,0 (at failure) to 1,4 which 
was the minimum required for static conditions according to 
the specifications. They presented, however, two major 
disadvantages: a high implementation cost, much higher than 
the available funds and a considerable disruption of traffic 
during construction. 
 
The need to compress cost and program without 
compromising safety led to the adoption of some fundamental 
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of geotechnical investigation and instrumentation together 
with the numerous monitoring data helped in the detailed 
determination of the geotechnical model with limited 
uncertainties and therefore allowed for the reduction of the 
safety margin and the adoption of a lower FoS than the one 
required in the specifications. For further risk reduction, a 
geotechnical expert was commissioned to advice on this 
particular case. Based on his recommendations, a less 
conservative stabilizing solution was implemented, under the 
condition that the area is monitored on a frequent basis in the 
long-term and if the recorded horizontal displacements 
exceeded certain values then a contingency plan should be 
applied. More specifically, the less conservative solution 
corresponded to a partial implementation of the designed 
solution, i.e. the construction of half of the piles of row B at 
double spacing and all the piles of row C without any other 
measure of the designed solution. The piles would be 
constructed from the ground surface with no excavation of the 
road embankment and only minor excavations at the 
embankment toe area. In case of emergency, the pumping 
wells could be set in operation and thereafter the additional 
piles of row B would be constructed as described in the 
conservative designed solution.  
 
Limit equilibrium stability analyses were carried out for 
various stages from the moment of the sliding event until the 
full implementation of the designed stabilizing measures. The 
gradual increase of the factor of safety is given in Table 2. The 
current state of safety is shown in the shaded row. 
 
Table 2. FoS for various stages of stabilizing measures in the 
low embankment area (static conditions) 
 
Stage Stabilizing measures FoS 
   
At failure no measures  1,00 




unloading+ shear keys (partly) 1,28 
unloading+shear keys 






unloading+shear keys (fully) 1,41 
 
 
The trigger limits established by the geotechnical expert for 
proceeding to the contingency plan concerned the recorded 
displacements in the inclinometers and were the following: 
• Abrupt horizontal displacement greater than 10mm 
• Continuing displacement rate of 15mm/year 
• Displacement rate higher than 5mm/year over a 
period of three consecutive years 
• Increasing displacement rate by over 6mm/year.  
 
In the high embankment area, in order to enhance stability, a 
stabilizing berm 10m high was constructed at the toe of the 
existing embankment as well as a row of piles of 1.0m 
diameter at 2,4m spacing with lengths of 8-12m to act as shear 
keys both during temporary excavations required for the 
foundation of the toe-berm and permanent long-term 
conditions. A typical cross-section of the constructed 




Fig. 17.  Cross-section of applied stabilizing measures along 
the high embankment. 
 
 
All the aforementioned measures were constructed without 





The construction of the stabilizing measures started in late 
August 2010 and lasted approximately four months. It 
commenced with the works in the high embankment area as its 
stability was considered more critical due to the observed 
creeping movements in the inclinometers. The applied 
construction time-schedule is depicted in Fig. 18. 
 
 
Fig. 18.  Applied construction time-schedule 
 
 
Construction control was applied through inclinometer and 
survey monitoring on a weekly basis to check if the works 
proceeded smoothly.  
 
When the excavations in the high embankment area began on 
9/9/2010, a constant horizontal displacement rate of 
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KE6-13) installed along the high embankment hard shoulder. 
The rate increased after 4/10/2010 following a raining period 
of fifteen days and sharply increased after 20/10/2010 to the 




Fig. 19.  Horizontal displacements (at sliding depth) with time 
in inclinometer KE6-13. 
 
 
In the same critical period, a similarly abrupt increase of the 
displacement rate up to 6mm/day was identified from the 
surveying of markers installed at various pile heads as shown 
in Fig. 20. During this period, the destabilizing excavations at 
the toe were nearly complete and thus, the stability of the 





Fig. 20.  Horizontal displacements with time at P9 and P2 
survey markers on pile heads.  
 
This evidence was the key factor to expedite the back-filling 
works for the construction of the toe-berm. The back-filling, 
which started on 23/10/2010, had an immediate stabilizing 
effect as shown in the graphs of Fig. 18 and Fig. 19. The 
displacement rate dropped significantly even from the first 
days of back-filling and became negligible by the end of the 
toe-berm construction in late December 2010.  
 
Figure 21 illustrates in plan view the total horizontal 
displacement vectors recorded by both inclinometers and 
survey markers along the high embankment with magnitude of 
17mm and 55mm respectively during the critical period 




Fig. 21.  Horizontal displacement vectors in the critical 




The cause of this instability lied in the fact that the 
excavations along the toe of the high embankment finished 
before completing the construction of the piles at the low 
embankment toe leaving an area with unfavorable temporary 
stability conditions aggravated by the preceding rainfalls.  
Construction monitoring allowed for the rapid adjustment of 
the construction program and prevented a potential new failure 
with unpredictable consequences.  
 
 
EVALUATION OF PERFORMANCE – FUTURE ACTIONS 
 
The observational method approach requires the constant 
monitoring and evaluation of the rehabilitated area to ensure 
that its behaviour remains within predictable limits throughout 
the design life of the motorway. The recent inclinometer 
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Fig. 22.  Horizontal displacements at sliding depths with time 




Fig. 23.  Horizontal displacements at sliding depths with time 
in the low embankment (16/03/2010 to date). 
 
 
In the high embankment area, the horizontal displacement rate 
remained negligible after the completion of remedial works. In 
the low embankment area, the horizontal displacement rate 
after the completion of remedial works is in the order of 
0,2mm/month except for the recorded displacements in 
inclinometer KE6-3 and KE6-8 which exhibited a maximum 
displacement rate of 0,6mm/month in the fall of 2011 and in 
the winter of 2012 respectively. The continuing displacements 
in inclinometers KE6-8, KE6- 9 and KE6-14, located downhill 
of the stabilizing shear keys, is justifiable since this area does 
not benefit from their presence. Nevertheless, the increased 
rate recorded in inclinometer KE6-3, installed at the hard 
shoulder of the downhill carriageway, indicates the need for 
constant alert. 
 
Figure 24 illustrates a typical fluctuation of the ground water 
level within a range of 2m as recorded in one of the 
piezometers. The highest recorder water table is at the 




Fig. 24.  Fluctuation of ground water table as recorded in the 
standpipe piezometer KE6-10 in the high 
embankment area.  
 
The performance of the remedial measures is considered 
satisfactory and so far no further measures are required.  
 
Despite the vast amount of data available on the geotechnical 
conditions and movements there are still uncertainties 
particularly concerning the stability of the hillside further 
downhill. A major earthquake event or extensive erosion at 
river level could potentially cause further instability that might 
affect the motorway. Therefore, a high degree of vigilance is 
required to keep the residual risk within acceptable margins. 
Frequent field surveys by experienced engineering geologists / 
geotechnical engineers should be carried out to collect surface 
data. These observations should be evaluated together with the 
instrument monitoring data to constantly update the 
assessment of stability conditions and decide on appropriate 
actions. These could involve changes in the frequency of 
monitoring, a focus on a particular area, additional 
geotechnical investigation and/or design and construction of 




A landslide occurred on Egnatia motorway, with an initial 
displacement rate of 20mm per day, jeopardizing the safety of 
the motorway along a 330m long section. The critical situation 
with all the associated risks was managed rapidly. An 
emergency plan of immediate stabilizing works was 
implemented which resulted in the complete cessation of 
ground movements in less than one month while the road 
remained under traffic with minor disruption. The case was 
not only a technical achievement but also a managerial 
accomplishment because of the very rapid response to a 
quickly evolving major geotechnical hazard. The key factor 
was the management structure and established procedures 
within the company as well as the contribution of experienced 
internal and external resources.  
 
The remedial works were designed based on thorough 
investigation and monitoring results aiming at achieving a 
specified value of FoS following a traditional design approach. 
For cost saving reasons, however, a staged construction of the 
remedial works was implemented following the fundamental 
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against failure without compromising on the safety standards. 
The trained and experienced staff and the management of 
rigorous monitoring, reviewing and consequent follow-up 
offered an increased site control to date. The safety of the 
motorway in the long run is highly dependent on the constant 




The following external resources participated in the successful 
management of this case history: 
 
Investigation Contractor: N. LOUKATOS & ASSOC. S.A. 
Geotechnical Designer: GEOGNOSI S.A. 
Geotechnical Expert: Prof. S. Tsotsos (AUTh) -Dr. A. Gakis 
Maintenance contractor:   IONIOS S.A. 
Construction contractor: ATTIKAT S.A. – TERNA S.A.  
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